We simulated four libraries each representing 25 million randomly sampled reads from the pooled collection of D. melanogaster sRNAs from male bodies, female bodies, mixed embryos, and heads respectively. We created 100 samples of 100M reads each (25M X 4 libraries), and determined the recoverability of conserved and newly-evolved D. melanogaster miRNAs at varying minimum mature and star read expression thresholds. These artificial libraries, allowed us to investigate the amount of miRNAs at two different age groups (i.e. conserved and newly-evolved) that could be recovered in the other 11 Drosophila genomes. We defined conserved D. melanogaster miRNAs as those with unambiguous orthologs in the obscura-group species, D. willistoni, or the Drosophila-group species. Recently-evolved D. melanogaster miRNAs were defined as those with orthologs within the melanogaster-group species only.
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Regarding false positives, our annotation pipeline is proposed to exceed minimum confidence for substrates that have passed through a Dicer-dependent biogenesis pathway (either Drosha-Dicer or splicing-Dicer pathway). This does not mean that they are necessarily efficient substrates; indeed, we cannot know from these studies whether a majority or a small minority of input transcript is actually converted into small
RNAs. Presumably, many evolutionarily recently-emerged miRNAs may not be as efficiently processed as conserved miRNAs. However, in our annotation efforts we looked for evidence of specific biogenesis based on specificity of small RNA read patterns and 3' overhangs from duplexes. Our annotations exceed minimum confidence, meaning that loci with features close to the borderline were set into the "candidate" category and were not used for further analysis. Moreover, we demoted 47 annotations from Drosophilid miRBase loci, which are usually taken as the "gold standard". Thus, we have taken substantial efforts to minimize false positives from our annotations.
Additional considerations for miRNA gene annotation
All miRNAs predicted from our miRNA identification pipeline were vetted manually and bioinformatically for miRNA and mirtron candidacy. In the manual phase, all miRDeep2 predictions (Friedlander et al. 2012) , and intron and hairpin structures with p > 0.5 were examined for evidence of cleavage by Drosha and Dicer based on the sRNA read alignment, a hairpin secondary structure, and synteny with other miRNA predictions. Putative canonical miRNA were further classified bioinformatically using criteria based on (1) expression, (2) clonability of Drosha/Dicer products, such as the miR, miR*, loop, or 5' or 3' moR sequences, (3) structure pairing of the miR:miR* duplex, (4) 5' end consistency of miR and miR* reads, and (6) ratio of background to miRNA reads (Supplemental Fig. S3 ). Canonical miRNA or mirtron predictions that met all criteria were labeled as "confident" while those that failed some or all criteria were labeled as "candidate" or "FALSE," respectively (see Supplementary Fig. S3 for exact criteria thresholds). "Candidate" loci that were orthologous to "confident" annotations were re-classified as "candidate-rescued." Confidence classifications for all miRNA and mirtrons are provided in Supplemental Table S4 . Finally, novel "confident", "candidaterescued", and "candidate" miRNAs and mirtrons were segregated from miRBase annotation and their unannotated orthologs (i.e. known Drosophila miRNAs) in order to identify novel loci specific to this study. Mirtrons were classified using the same features as for canonical miRNAs except for Drosha cleavage, and an additional criterion for untemplated modifications of the 3' arm reads was specified (Supplementary Fig. S3 ).
Identification of miRNA clusters and testes-restricted miRNAs
Although the boundaries of polycistronic transcripts in each species are unknown, we defined miRNA clusters based on genomic proximity within up to a 10kb window and expression similarity across the available libraries in a given species.
Mirtrons were excluded from this classification. The strong majority of miRNA clusters identified in this study comprised genes with testes-restricted expression. Testesrestricted miRNAs were characterized as genes with >4-fold RPMM testis or male-body expression enrichment when compared against all other tissue and developmentaltimepoint libraries. If >75% of miRNA genes within a cluster were classified as testesrestricted, then all genes within said cluster were labeled canonical, Testes-restricted, Recently-evolved, Clustered miRNAs.
Birth and Death Model
To assess birth and death rate variation across classes of miRNAs and across Drosophila clades of interest, we designed and implemented a phylogenetic probabilistic graphical model. This model permits estimation of parameters of gene birth (λ) and death (µ) (Fig. 6A ) based upon our assignments of miRNA presence and absence in each species per miRNA family alignment. We note that small RNAs were sampled more deeply in certain species, especially in D. melanogaster (Fig. 1) . However, besides D. melanogaster, there is not generally a correlation between sampling depth and the number of confidently annotated miRNAs per species. This is due in part to the "rescue" approach ( Fig. 3) . Therefore, we chose to apply our estimates of miRNA flux using our full collection of annotations, rather than by attempting to make a new set of annotations by subsampling a lower, fixed number of reads from across the species, since this would inevitably decrease annotation confidence.
Parameter estimation required two sets of precomputed data. The first datum needed was a binary encoding of miRNA presence (1) and absence (0) as leaf node labels of the phylogenetic model. In this regard, we labeled non-miRNAs and "candidate" miRNAs as cases of absences, and "confident" or "candidate-rescued" miRNAs as cases of presences. We assigned each miRNA for which no orthologs were identified to its own singleton miRNA alignment, to be counted as an independent birth event. The second datum needed was phylogenetic branch-length estimates for the 12 Drosophila This method is implemented as a Java software package and available at http://compgen.cshl.edu/mirna/12flies/software/MirnaTreeML.zip.
Analysis of obscura-group sequence divergence and polymorphism data
To identify unambiguous sequence divergences between species, we focused on miRNAs with clear 1-to-1 orthologs, such as the miRNAs within the 3' sub-cluster region of the obscura-subgroup Dpse_3416→ Dpse-mir-2536 cluster (Fig. 7B) . We utilized seed sequence identity to place miRNAs into seed identical families, in order to identify all homologs of a specific family, and used pre-miRNA locus positioning within the cluster to segregate true miRNA orthologs from paralogs. 
Construction of UAS-DsRed-miRNA expression vectors
Pri-miRNA fragments, including ~200bp upstream and downstream of the premiRNA hairpins, were amplified from genomic DNA using the primers below and cloned Drosophila species. Annotations are further subdivided within (1) three confidence categories-"confident", "candidate-rescued, and candidate", and (2) between known and novel annotations. Note that "candidate" annotations were not utilized for analyses of miRNA flux in this study.
Supplemental Figure S6 : Distribution of miRNAs for three classes of miRNAs within each Drosophila species. These classes are defined by biogenesis pathway and canonical miRNAs are further divided by their testes-restricted expression. Only "confident" and "candidate-rescued" loci are included; loci that are considered "candidate" only and lack further rationale to be rescued based on a confidently processed miRNA ortholog are not included in these pie charts.
Supplemental Figure S7 : Read alignments for mir-10404, a conserved non-canonical miRNA generated from the ITS1 spacer in ribosomal RNA, across the Drosophilid phylogeny.
Supplemental Figure S8 : Other well-conserved miRNAs identified within this study.
Alignment and representative hairpin structure for each conserved miRNA. Included is dme_474 which is not well-conserved but is one of the Drosha-cleaved hairpins within the pasha 5' UTR. Note that unlike most other conserved miRNAs, these loci generally accumulate modest amounts of small RNAs and/or have atypical structural features.
This might reflect that their processing is atypical and/or regulated, or that their conservation reflects a role other than, or in addition to miRNA-type function. For example, besides the pasha 5' UTR hairpins, two of these loci are located in CDS or 3'UTR, and thus cleavage could mediate host mRNA downregulation. IUPAC ambiguity code 'H'). P-value computed from two-tailed Wilcoxon Rank Sum Test between canonical 3'-end 'H' miRNAs and mirtrons. Significant differences in monouridylation distributions between these two classes are noted in blue text. P-values from comparisons between canonical 3' end 'H' miRNAs and 3' end 'G' miRNAs are all non-
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